U.S.  DEPARTMENT  OF  COMMERCE 
National  Technical  Information  Service 

AD-A025  669 


COHERENT  OPTICAL  ADAPTIVE  TECHNIQUES  (COAT) 


Rockwell  International  Corporation 


PREPARED  FOR 

Rome  Air  Development  Center 


16  October  1972 


BEST 

AVAILABLE  COPY 


ADA025669 


174096 


< 

4 

4 

* 

( 


RaDC-TR-72-3*.1 
Icchirlcal  V.cncrl: 
Ifi  '''ct'^^hcr  19/2 


COHcflL'Iii  OPTinAL 

North  Av.en’con 
Research  & 


ADAPTIVE  T:CK\'IQL!ES  (COA 

Rooki.'en , c'lcctronic  Cp. 
Tec  t;no  1 c;;;y  Oi  v i s i on 


I ; 


SponsorfJ  by 

DcfftOftc  Advancad  V'csearcb  Pm^nccs  A^icncy 
ARPA  0ru3r  I^o.  3279,  AricjidriiP.rt  5 


/vpprowd  for  public  release; 
disitrlbution  i;n  limited. 


nie  vicv7s  and  conclusiyns  cr-ritrJned  in  ihin  doc.uacnt  ar-  those 
of  the  authors  and  should  not  be  interpreted  as  r.etcsrsarily 
rcpic:i.er.tir.5  the  official  policies,  cittvi-  expressed  or  imrlied 
of  the  Defense  Advanced  Research  Projects  Af/Sney  oi  the  U.  S. 
Cover  men  t. 


Rome  Ail  Devclopir.cnt  Center 
Air  Fo.ee  Sysioms  Comman'J 
Griffiss  Air  Force  Bose,  iir'v  York 


COI'EREIIT  OPTICAL  ADAPTIVE  TECIPUOl'E.S  (COAT) 
C.  L.  Hayes 


Contractor : North  American  Rocln:cl) , Electronic  Gp. 

Research  It  TecV.:.olr'’,y  Division 
Contract  Number:  F30602-72-C-0417 

Effective  Date  of  Contract:  20  March  1972 

Contract  Expiration  Date:  20  January  1973 

Amount  of  Contract:  $213»500.00 

Procran  Cods  Number:  2E20 


Principal  Investigator: 
Phone : 

Project  Engineer: 

Phone : 


C.  L.  Haves 
714  632-^39 

Robert  F.  O^rodnik 
315  330-2747 


Approved  for  public  release; 
distribut'on  unlimited. 


Tills  research  vas  supported  by  the 
Defense  Advanced  Research  Projects 
Agency  of  the  Department  of  Defense 
and  vas  monitored  by  Robert  F, 
Ogrodnik,  RADC  (OCT>I-l),  GAFB,  NY 
13441  under  Contract  F30602-72-C-0417. 


PUBLICATION  REVIEW 


This  technical  report  hos  been  rc''iewed  ond  is  approved 


RADC  Project  Engineer 


FORLV/OilD 


This  Quarterly/’  Technical  Report  is  submitted  to  the 
Rome  Air  Development  Center  in  partial  fulfillment 
of  the  reqairementc  of  Contract  F30602-T2-C-04lT, 
"Coherent  Optical  Adaptive  Techniques".  The  program 
was  initiated  on  20  March  1972. 


The  work  described  in  this  report  was  performed  by 
the  Lasers  and  Advanced  Radiation  Systems  Group, 
Research  and  Teclinology  Division,  Electronics  Group 
of  North  American  Rockwell,  3370  Miraloma  Avenue, 
Anaheim,  California  92803* 


Major  contributors  to  this  effort  are: 


Principal  Irvestigator:  C.  L.  Hayes 


Contributors: 


R,  A.  Brandewie 
W.  C.  Davis 
G.  K.  Movers 
J.  F.  CooHco 
J.  N.  Yamamoto 


iii 


TABLE  OF  COI'ITKliTG 


Page  Fo. 


INTRODUCTION 

I-l 

SUl-Q-lARY 

II-l 

COMPON’ENT  EVALUATION 

III-l 

A.  Acousto-Optic  Frequency  Modulator 

B.  Detector 

C.  Electronics 

D.  Laser 

III-l 

III-IO 

III-14 

III-18 

SyUTEH  EV/OjUATION 

IV-1 

A.  System  Modification 

B.  1 rai  Test  Range 

C.  Test  Results 

IV- 1 
IV- 5 
iv-8 

COMPUTER  SD'IULATIOn 

V-l 

iv 


I . ITjn^ODUCTICn 


The  first  quarterly  progress  report  for  this  progran  descril ed 
in  detail  the  design  of  the  optical  and  electronic  systejTiS  required  for 
performance  testing  of  the  COAT  (Coherent  Optical  Adaptive  Techniques) 
concept.  This  report  is  directed  ;ov;ards  the  results  of  component  tests 
and  initial  system  operational  data.  Before  presenting  these  data, 
however,  a brief  statement  of  th.-  program  goals  and  tost  procedures  is 
appropriate . 

Propagation  of  coherent  radiation  through  the  atmosphere  is 
significantly  affected  by  meterological  phenomena  and  turbulence  cor.di- 
tions . Induced  wavefront  distortion  limits  the  ability  of  a system  to 
bring  such  radiation  to  a focus  as  may  be  required  in  future  systems. 

The  COAT  contract  is  a program  directed  tov'ards  the  design,  construction, 
and  experimental  demonstration  of  a multi-aperture  optical  system  which 
can  effectively  compensate  fer  such  atmospherically  induced  aberrations  . 
Dnploylng  the  phase  conjugation  principle  for  wavefront  control,  a six- 
element  linear  array  is  being  fabricated  for  operation  at  a wavelength 
of  10.6  Umeters . Detailed  tests  will  be  conducted  to  evaluate  perfor- 
mance with  respect  to  the  follov/ing  primary  objectives; 

1.  Compensate  for  atmosphere  propagation  effects  at 
10.6  ^meters  and  provide  improved  focusing  capa- 
bility at  the  target; 
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2.  In  a inultiglint  target  scor.urio,  establish  the 
ability  of  system  to  lock  onto  a single  glint  point; 

3.  Acquire  and  track  a glint  poi^.t  vnicli  neves  across 
the  array  field  of  view  - 

The  last  tack  indicates  that  correction  for  atmospheric  clfects 
is  not  the  only  benefit  to  be  derived  from  tiie  COAT  system.  Tlic 
ability  to  provide  autona'*^lc  pointing  and  trackitig  is  inherent  wO  the 
system  and  vithin  the  diffraction  limit  of  an  array  element,  the  system 

will  acquire  and  track  a target. 

To  evaluate  the  performance  of  this  system,  tests  vill  be  con- 
ducted over  tvo  ranges  — 1 km  and  10  to.  These  ranges  correspond  to 
near  field  and  far  field  operation  of  the  array.  Full  metcrological 
instrumentation  is  provided  to  characterize  atmospheric  parajneters  and 
data  v'ill  be  taken  in  both  the  adapted  and  unudupted  modes  lor  compari- 
son with  analytical  results  derived  from  computer  simulation. 
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Propagation  o;'  coherent  radie.tion  t'nrougli  the  atnoophere  is 
signii'icr.ntly  oiTec-tcd  by  neterological  phenoniena  and  turbulence  condi- 
tions. Thermal  ''blooming"  of  high  energy  beans  is  also  Known  to  present 
propagation  uroblcr.s . That  Is,  induced  wavefront  distortion  linits  th.e 
ability  of  a system  to  bring  such  radiation  to  an  optiia.jn  focus  as  nay  be 
required  for  some  applications.  Tlicorctical  calculations  sliow  that 
the  ability  of  a fixed  focus  rystem  to  concentrate  energy  does  net 
improve  with  increasing  aperture  sice  us  classical  theory  predict.;  due 
to  these  effects.  Previous  contractual  efforts  — both  theoretical  and 
experimental  — have  shown  that  coherent  optical  adaptive  techniques 
(coat)  can  be  used  to  compensate  for  these  propagation  difficulties. 

Tlie  wavefront  correction  required  is  accomplished  throug}i  the  use  of 
phase  controlled  m ilti-apcrturc  arrays  to  correct  tliC  distortion  — 
naturally  occurrir.g  or  induced.  In  addi  tion,  other  bene,  its  are  ceri /ed 
from  setpacntir.g  the  aperture  in  that  smaller,  less  expensive  optical 
components  can  be  used  with  an  associated  relaxation  in  pointing  require- 
ments, mounting  and  pointing  hai’dvarc. 

The  first  quarterly  report  furnished  in  detail  the  design 
which,  when  iinplemc:ited,  can.  nccomp'iish  the  compensation  tasKaid 
provide  focusing  at  the  target.  Table  II-l  lists  some  of  the  pertinent 
design  parameters.  This  report  presents  some  oi  the  rcsvilts  of  compos  cn- 
evaluation  tests  for  devices  to  be  used  in  the  system. 
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COIIDEIISED  TA5U':  OF  COAT  ?Al^A]-iLiEHS 


OPTICS 


Number  of  Aperture 
Power  per  Channel 
Size  of  Apertures 
Array  Geometry 


Scatter  Suppression 


0.3  watts 
2.5  cm 

Linear  (1x6) 

Variable  V.'idth 
(Uominally  3 '^C') 

Polarization  Discrimination 
Transmitter  - Vertical 
Receiver  - Horizontal 


Optical  I-'aterial  for  Lenses 
and  Beamsplitters 

Phase  Modulator 


Quarter  VJave  plates 


LASER 


10.6^ra  COp  - Single  Mode 


detectors 


PbSnTe  (TT°K) 


ELECTRONICS 


Post  Detection  Amplifier 

Processing  I-F 

Sejrvo  Control 

Phase  Detector  Range 

Tracking  8e  Acquisition  Eandvidth 
For  a Transit  Tiir.e  of  7-0  as 


KaCl 

Acousto-Optic  Bragg  Cell 
Center  Frequency  - I8  Mrlz 

5/^\  Cadmium  Sulfide 


60  watts  (max ) 


Heterodyne  Mode  Receiver 


Current  Mode  Operation 
U.5  KHz 
Phase  Lock 
i 2n  radians 
50  Kilz 


Sect/ior  III  Includes  the  test 


results  "^or  tiic  fre-j  ".ency 


modulator,  detector,  laser  and  electrcr.ies  sutsycte-s . T!.e  key  element, 
frequency  modulator,  has  'seen  thorou^'  -iy  testcu  vritli  performance  meetir.f^ 
thcoreti caD.ly  defined  opecificatiens . panricatici.  of  these  devices  has 
■been  delayed  due  to  the  inability  of  a vendor  to  nrovidc  the  required 
material  (properly  oriented  eers-aniun  crystals).  Ho\;ever,  recent  delivery 
of  sufficient  Ge  boules  to  complete  fabrication  assures  total  system 
implementation.  PbSnTe  detectors  are  now  beirm-  used  for  heterodyne 
receivers  and  have  replaced  Ge;Cu  devices  vxtn  tlicir  attendant  require- 
ment for  liquid  helium. 

Initial  system  tost  results  are  civen  in  Section  IV  alouG  vitli 
a system  modification  which  has  been  made,  performance  is  close  to 
predicted  values  and  signal-to-noiso  evaluation  for  the  1 km  range  indi- 
cates that  plenty  of  margin  for  operation  at  a range  of  10  is  prescau. 

Using  a previously  developed  computer  simulation  routi'.c,  a 
■ theoretical  evaluation  of  how  the  array  should  perfoi-m  has  been  completed. 
These  results  are  presented  in  Section  V and  show  the  autacatic  acquisi- 
tion capability  of  tlie  system  as  well  as  the  concentration  of  power  on 
the  target. 


V/ith  the  completion  of  frequency  modulator  fabrication,  sj^otun 
tests  of  the  array  will  be  started  and  the  power  buildup  on  target  will 
be  measured  at  the  target  for  comparison  with  computed  values. 


II-3 


III.  COIiPOIIEiri  DJPJJJAUlCll 

A.  ACOUSTO-Omc  FRE'^UivICY  MOUJIATCR 

The  key  element  in  the  adaptive  system  to  compensate  for  wave- 
front  aberrations  is  the  frequency  modulator  which  functions  as  a phase 
correctinc  device.  Details  of  design  arc  given  in  the  first  quarterly 
report  and  are  only  briefly  presented  here. 

It  is  well  known  that  Bragg  scattering  of  light  and  sound  in 
a crystal  that  is  transparent  to  both  can  be  utilized  to  shift  the  fre- 
quency of  the  light.  The  scattering  is  a maximum  v;hcn  the  laser  beam 
is  incident  upon  the  acoustic  wavefront  at  the  Bragg  angle.  The  scattered 
laser  beam  is  separated  from  the  incident  laser  beam  by  twice  the  Bragg 
angle  and  is  Doppler-shifted  in  frequency  by  an  amount  equal  to  the  fre- 
quency of  the  traveling  acoustic  vmve.  By  controlling  the  acoustic  fre- 
quency in  an  appropriate  manner,  the  liglit  is  then  frequency  modulated. 
Since  frequency  modulation  is  tantamount  to  phase  modulation,  the  neces- 
sary phase  correction  capability  is  available  with  this  approach. 

The  modulator  is  essentially  composed  of  a germanivun  substrate 
with  a LiirnO^  transducer  bonded  to  one  end  of  the  substrate  and  with  an 
acoustic  absorber  attached  to  the  other  end  (see  Figure  III-l).  Since 
germanium  is  transparent  to  the  CO^  laser  onlj-  if  the  crystal  tempera- 
ture is  not  too  far  above  room  temperature,  a simple  but  effective  cooling 
system  has  been  constructed  for  maintaining  the  cr;y'stal  below  room  temrjcra- 
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bui'e  during  opnr^ition.  _.n  general,  the  modulator  is  simple  to  operate 
and  effective  even  for  a relatively  high-powered  laser  having  a large 
heara  diameter  (~  1 cm) . Figure  III-2  is  an  assembly  drawing  illustrating 
the  adjustable  mount  along  with  the  cooling  apparatus. 

V/ith  the  acoustic  propagation  in  the  [lOO]  direction  of  the 
germanium  crystal,  and  the  incident  laser  beam  at  Bragg  angle  to  the 
acoustic  v7avefro-’t,  vc  have  expei'imentally  obtained  a conversion  efficiency 
of  about  with  15  watts  of  electrical  power  applied  to  the  LihliO^ 
transducer.  The  conversion  efficiency  is  defined  as  the  ratio  of  optical 
pov7er  in  the  deflected  beam  to  that  in  the  incident  beam.  In  accordance 
with  the  theoretical  prediction  for  this  particular  direction  of  acoustic 
propagation,  t}ie  observed  conversion  efficiency  is  nearly  independent  of 
the  incident  laser  polailzation  direction.  It  should  be  pointed  out  that 
a conversion  efficiency  of  40'/'  can  also  be  obtained  v;ith  only  about  5 watts 
of  electrical  power,  providing  that  both  the  acoustic  propagation  and  the 
laser  polarization  directions  are  confined  to  the  [lllj  direction  of  the 
germanium  crystal.  A disadvantage  of  the  [111]  conf iguratlon  is  that  the 
conversion  efficiency  decreases  very  rapidly  as  the  polarization  direction 
deviates  from  the  [111]  direction.  For  our  applications  it  is  required 
that  the  conversion  efficiency  should  not  be  very  sensitive  to  the  direc- 
tion of  the  laser  polarization,  and  therefore  wo  have  confined  our  effort 
to  the  case  in  which  the  acoustic  propagation  is  in  the  [100]  direction 
of  the  germanium  substrate . 
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In  order  to  achieve  high  conversion  efficiency,  relatively 


large  amounts  of  electrical  po\^er  must  bo  coupled  inuo  the  transducer. 
The  R-F  generator-network  combination  of  Figure  III-3  is  used  for 
coupling  purposes  to  deliver  po;7cr  o the  transducer  as  represented  by 


the  equivalent  circuit  of  Figure  III-l.  The  values  of  and  for  a 
typical  transducer  are  as  shown  in  Figure  II1-4.  With  this  configoiration 
a power  level  of  35  watts  at  l8  MHz  can  be  applied. 


Experimental  testing  to  date  has  verified  the  validity  of 


design.  The  conversion  efficiency  as  a function  of  acoustic  power  has 


been  determined  from  the  measured  optical  and  electrical  powers.  Figure 


III-5  illustrates  the  test  results  and  indicates  that  the  device  perior- 


mance  is  satisfactory  for  the  particular  application  being  considered. 


The  packaged  device  tested  and  to  bo  used  in  the  system  is 


shown  in  Figure  III-6.  Included  is  the  R-F  power  stage  and  VCO  unit 


which  is  situated  on  top  of  the  cooling  jacket  and  positioning  mount 
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Aooustic  frequency  (I'Ji-) 

Electrical  Characteristics  of  Modul 
VS  Acoustic  Frequency 


B.  dbtd::tors 

The  COAT  confi^aration  presently  being  employed  utilizes  a 
heterodyne  receiver  in  each  channel  (array  element)  as  part  of  the 
processing  to  determine  the  relative  phase  betv;een  each  channel.  As 
originally  conceived,  Ge;Cu  detectors  were  to  be  used  in  this  capacity. 
Hen-rever,  since  that  time  the  Ilorth  American  Roclo^ell  Science  Center  has 
been  able  to  furnish  PbSr.Te  detectors  for  use  on  this  program.  There 
are  several  distinct  advantages  to  be  gained  through  use  of  these  devices. 
First,  the  requirement  for  operation  at  liquid  He  temperature  {h°K)  is 
relaxed  to  operation  at  liquid  temperature  (77®K)  and  the  inherent 
advantage  from  a cryogenic  standpoint  is  obvious.  Second,  the  photo- 
voltaic mode  of  operation  yields  a 3 db  improvement  in  tiie  quantum-limited 
signal-to- noise  ratio  when  compared  to  the  photoconductive  Ge:Cu  material. 
Third,  the  post-detection  preamplifier  can  now  be  operated  in  the  current 
mode  to  obtain  an  imprevement  in  frequency  response  through  proper  imped- 
ance matching  techniques.  Thus,  from  a system  standpoint,  these  devices 
are  very  dosirablc  and  will,  be  used  on  this  program. 

The  six  detectors  to  be  used  in  this  effort  have  been  mounted 
in  dewars  as  shown  in  Figure  III-T-  The  optical  system  has  been  designed 
to  permit  the  placement  of  two  detectors  in  each  of  three  dewars.  Tests 
have  been  run  to  evaluate  frequency  response  of  these  devices  when  coupled 
with  a current  mode  amplifier  and  are  given  in  Figure  III-8.  Two  different 


types  of  detectors  of  difie>'ent  diirensions  (6  and  15  mil  diameters) 
were  tested.  The  tests  were  performed  using  an  amplifier  having  a 
bandwidth  of  i MHz  and  an  electro-optic  modulator  to  amplitude  modulate 
a 10.6  pji  laser.  The  relative  response  cuir/es  indicate  successful  opera- 
tion is  to  be  expected  over  a large  bandwidth. 

To  facilitate  the  use  of  the  larger  device,  a system  change 
has  >;een  introduced  to  take  advantage  of  the  better  response  in  the 
lower  frequency  range.  Several  other  benefits  accrue  from  this  approach 
and  will  be  described  in  detail  in  Section  IV • 
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ELECTOONICS 


As  described  in  detr-.il  in  the  1‘irsi  quarterly  report,  tile  COAT 
system  can  be  characterised  as  a multiple  channel  heterodyne  transcei\er 
employing  cominon  trunsmit/receivc  optics  for  each  channel.  Adaptive 
compensation  is  achieved  through  electronic  processing  of  the  received 
signals  within  a closed  loop  to  generate  a transmitted  wavefront  which 
is  the  conjugate  of  the  received  wave.  At  the  seme  time,  isolation  from 
noise  sources  and  phase  perturbations  must  be  provided . For  reference, 
the  simplified  configuration  of  Figure  III-9  which  accomplishes  these 
tasks  is  presented.  The  detector,  i-f  amplifier,  phase  detector,  voltage 
controlled  oscillator,  and  frequency  modulator  provide  the  clo.acd  loop 
servo  control.  Tliis  is  done  by  sampling  the  relative  phase  difference 
between  each  channel  and  a reference  and  using  thin  signal  to  control 
the  frequency  modulator  through  the  voltage  controlled  oscillator  which 
then  provides  automatic  compensation  of  the  transmitted  wave. 

Each  function  of  the  loop  has  been  designed,  fabricated  and 
tested.  The  post-detection  preamplifier  operates  in  the  current  mode  to 
provide  a virtual  ground  to  the-  detector.  A bandwidth  of  TO  IIH:  has  been 
designed  into  this  unit  to  facilitate  testing  procedures.  In  operation, 
the  bandwidth  is  limited  by  the  i-f  amplifier  to  approxiuaately  200  KHa. 
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The  phase  detector  which  has  been  mechani;;ed  has  the  charac- 
teristics shown  in  Figure  III-IO.  The  sensitivity  (slope)  has  been 
set  at  1 rav/degree.  When  coupled  with  the  VCO  which  has  a frequency 
sensitivity  set  at  1 KHz/mv,  the  overall  tracking  sensitivity  is  1 KHz 
per  degree  of  phase  error.  This  gain  para:  ter  has  been  set  to  this 
value  initially,  but  can  readily  be  changed  to  provide  optimum  operation 
if  required.  Vfhen  operated  in  the  frequency  tracking  mode,  this  system 
can  track  to  + 36O  KHz  with  no  ambigui&y  and  should  provide  adequate 
acquisition  margin  for  a movj.ng  target. 

The  r-f  power  to  drive  the  acousto-optic  Bragg  cell  is  fur- 
nished by  a power  amplifier  driven  by  the  voltage  controlled  oscillator. 
Typically,  up  to  25  watts  of  povjer  can  be  delivered  to  tliis  device  and 
good  conversion  efficiency  (^0^)  obtained. 


D.  LASER 


The  COAT  laser  has  been  assembled  and  tests  have  been  completed 

to  assure  that  adequate  power  and  stability  will  be  provided  for  system 

operation.  The  basic  construction  consists  of  two  plasma  tubes  in  a 

folded  configuration  to  obtain  the  desired  output  power  in  a reasonable 

space  (Figure  III-ll).  Each  tube  has  a bore  of  1.1  cm  and  a gain  length 

of  I.54  m.  The  cavity  length  is  3*5  “ which  yields  a Fresnel  number  of 

0.864.  The  TM  polarization  direction  is  defined  by  means  of  four 
00 

intracavity  Brewster  windows  of  sodium  chloride.  These  windov/s  are  mech- 
anically aligned  with  the  table  surface  and  provide  the  reference  polari- 
zation for  the  COAT  optical  system. 

In  order  to  minimize  amplitude  fluctuations  in  the  output  beam 
the  entire  laser  structure  has  been  enclosed  in  a plexiglass  shield.  This 
shield  isolates  the  intracavity  spaces  from  room  air  currents  which  intro- 
duce significant  amplitude  fluctuations.  Also  isolated  are  acoustic 
coupled  perturbations  from  the  room  environment.  In  addition,  the  encJ.o- 
sure  serves  as  a dust  shield  and  reduces  maintenance  requirements  on  the 
laser  optics . 

Performance  tests  have  yielded  a Tm^^  measured  outjjut  cf  60 
watts  in  the  P(20)  transition.  Amplitude  stability  was  measured  with  a 
wide  bandwidth  PbSnTe  detector  and  a variation  of  less  than  1^^  was  recorded 
and  is  well  within  the  acceptable  limits. 
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The  self-compensating  interferometer  being  used  to  implement 
the  optical  assembly  directs  a portion  of  the  output  energy  back  toua^'ds 
the  laser  cavity.  Without  adequate  isolation,  the  laser  would  exhibit 
instabilities  since  an  attempt  would  be  made  to  lock  onto  this  injected 
signal.  However,  this  instability  occurs  only  pfter  a i^OO  inv  threshold 
is  met  (the  return  polarization  is  orthogonal  to  the  exiting  polariza- 
tion). Making  use  of  a Ge  Brewster  window  in  the  beam  path  to  discrim- 
inate and  reject  the  orthogonal  polarization,  interaction  effects  of 
this  nature  have  been  completely  eliminated. 
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IV.  SYSTH-1  EVALUATION 


A.  SYSTm  MODIFICATION 

One  channel  of  the  array  has  been  constructed  for  performance 
evaluation  as  shown  in  Figure  IV-1.  Of  interest  in  these  preliminaiy 
tests  was  the  overall  system  sensitivity  to  signals  received  from  the 
one  kilometer  site.  Measurements  of  signal-to-noise  ratio,  RFI,  effects, 
of  detector  responsivity,  modulator  conversion  efficiency,  scatter  sup- 
pression, and  quarter  wave  plate  integrity  were  made.  As  a result  of 
these  tests,  a system  modification  has  been  made  as  shovm  by  Figure  IV-2. 

Several  advantages  are  gained  from  this  configuration  without 
changing  the  phase  conjugation  principle  of  the  system.  The  only  change 
which  is  made  is  the  carrier  frequency  at  which  the  infonaation  is 
processed.  Three  reasons  for  making  this  modification  are  as  follows: 

1.  Depending  upon  the  type  of  detector  used  in  the 

system,  frequency  response  characteristics  indicate 
that  better  performance  can  be  obtained  at  the 
lower  frequencies.  This  includes  the  possible 
phase  delays  which  can  be  introduced  by  the 
detector/amplifier  combination  as  well  as  the 
phase  variance  from  unit  to  unit.  In  addition, 
operation  of  the  PbSnTe  detector  into  a current 
mode  amplifier  is  made  easier  by  the  higher  ampli- 
fier gains  available. 


2.  RFI  introduced  by  the  high  po\jer  drivers  for 
the  frequency  modulators  no  longer  competes 
with  the  received  signal.  That  is,  the  driver 
frequencies  and  second  harmonic  are  at  l8  Mz 
and  36  MHz,  and  the  new  carrier  frequency  is 
at  4.5  MHz. 

3.  Operation  of  the  processing  electronics  at  a 
lower  carrier  also  facilitates  the  phase  detec- 
tion process.  By  reducing  the  basic  information 
rate  from  36  MHz  to  4.5  MHz,  almost  an  order  of 
magnitude  improvement  in  any  phase  errors  due  to 
cabling  and  circuit  layout  effects  has  been 
accomplished . 

In  the  new  configuration,  an  additional  frequency  shifter  has 
been  inserted  into  the  local  oscillator  arm  of  the  system.  The  frequency 
of  this  unit  is  set  at  15.75  I<fflz.  When  combined  with  the  return  signal, 
the  information  carrier  is  at  4.5  MHz.  That  is,  2 x (18.O  - 15*75)  MH2. 

A minor  benefit  gained  from  this  approach  is  that  the  local  oscillator 
pov;er  delivered  to  the  detectors  is  now  readily  controlled  by  merely 
adjusting  the  RF  drive  power  to  the  frequency  shifter.  Thus,  optimum 
detector  performance  in  the  heterodyne  mode  is  easily  obtained. 
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B.  1 KM  TEST  RAIIGE 

All  testing  to  date  hab  oeen  done  over  the  1 km  test  range  to 
a "point"  target.  Figure  IV-3  shows  the  transmitting  and  receiving  sites 
for  this  range.  Also  shown  is  the  instrumentation  provided  for  charac- 
terizing the  atmospheric  parameters.  At  each  site,  these  instruments 
have  been  located  as  near  to  the  actual  transmission  path  as  is  practical 
and  yet  avoid  any  anomalous  factors  which  might  be  introduced  by  being 
too  close  to  the  buildings . 

Pov/er  and  instrumentation  at  the  receiving  site  is  provided  by 
a mobile  van  equipped  for  this  purpose.  Figure  IV-4  shows  this  unit  with 

1 

a diesel-powered  generator  and  some  of  the  instrumentation.  All  weather 

par^jneters  including  data  for  determination  of  the  integrated  refractive 

index  structure  constant  over  the  transmission  path  will  be  recorded  at 

this  site.  All  data  from  measurement  of  the  power  distribution  at  the 

target  for  both  the  adapted  and  unadapted  modes  will  be  recorded  for 

permanent  storage.  I 
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C . TEST  RESULTS 


As  stated  previously,  initial  tests  of  the  system  have  been 


directed  tcrv;ards  an  evaluation  cf  system  components  alone  v?ith  deter- 


mining performance  factors  such  as  signal- to-noise  ratio.  V’iti.  tlie 


system  modification  as  sho\.'n  in  Figure  IV-2,  ^00  mv;  of  power  v:as  trans- 


mitted to  the  target  fro.’.:  one  channel.  All  components  performed  as  pre- 


dicted with  a resultant  signal-to-noiso  ratio  of  60  dl  using  processing 


electronics  having  a bandwidth  ccsspatible  with  the  final  system. 


Experience  on  other  pregrajss  has  shown  that  systems  which 


employ  common  transnix/receive  optics  can  be  !ia:;ipcred  by  component 


scatter  from  lens  surfaces,  naants,  etc.,  unless  appropriate  precautions 


are  taken.  To  this  end,  a polarization  discrirainatien  feature  was 


designed  into  this  corifiguration  to  reduce  these  effects,  '.,’hile  total 


discrimination  is  dependent  upon  having  ideal  components,  our  tests 


f howed  the  scattered  signal  to  be  -^5  db  belov’  the  return  signal  level. 


Thus,  the  system  devised  to  avoid  these  problems  is  very  effective  in 


that  comparable  signals  wc^ald  be  expected  without  such  an  approach. 


It  should  be  pointed  ovit  that  at  this  time  this  system  'nas  net 


been  optimized,  '.vhile  60  db  of  SliR  provides  plenty  of  signal  margin  fer 


botli  the  1 and  10  km  ranges,  anotJier  20  db  improvement  is  to  be  expected. 


The  full  array  is  now  being  assembled  for  complete  system  tests  incor- 


porating all  of  t).e  features  incorporated  in  the  single  channel. 
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V.  COMPUTER  SI1-IULA.TIOK 


An  important  part  of  the  COAT  prograra  is  manifested  in  being 
able  to  predict  not  only  the  operational  capabilities  of  present  systems 
but  also  the  merits  of  advanced  systems . Among  the  factors  which  raust 
be  considered  are  the  number  of  elements  in  the  array,  the  array  geometry, 
the  element  spacing,  element  pointing,  the  element  size,  strength  of 
atmospheric  turbulence,  moving  targets,  and  noise  perturbations,  etc.  A 
computer  routine  has  been  developed  previously  to  perform  a simulation 
while  permitting  any  one  or  all  of  these  factors  to  be  changed.  Some  of 
the  results  obtained  for  the  present  program  are  presented  belCTrf. 

For  the  data  presented  here,  the  simulation  was  done  for  a 
linear  array  of  six  elements  having  apertures  of  2.5  cm  spaced  3*0  cm 
on  center.  All  transmitted  beams  are  aligned  so  as  to  bo  parallel;  that 
is,  individual  pointing  of  the  elements  is  not  considered.  The  target, 
located  at  a range  of  ].  Icn,  is  offset  from  the  center  of  the  array  field 
of  view  by  10  cm.  This  is  done  to  demonstrate  the  fact  that  as  long  as 
the  target  is  in  the  field  of  view  of  the  individual  elements,  the  array 
will  deliver  maximum  energy  automatically.  This  is  tantamount  to  tracking 
a target  within  the  field  of  view . 


f 
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Figure  V-1  indicates  what  the  initial  distributicn  of  energy 
at  the  target  plane  would  be  for  an  array  having  a Gaussian  distribution 
of  power  across  each  element.  The  initial  intensity  at  the  target  is 
seen  to  be  quite  low.  Upon  completing  the  adaption  process,  the  final 
distribution  of  energy  is  that  shown  by  Figure  V-?  (four  adaption  loops). 
That  is,  the  distribution  has  stabilized  with  maxim  jn  pov.'or  on  the 
target.  Figure  V-3  indicates  how  this  power  buildup  took  place  as 
a function  of  time  and  also  indicates  the  improveinent  factor  to  be 
gained  relative  to  the  initial  distribution.  Fabrication  of  the  array 
and  testing  instrumentation  to  verify  these  conclusions  are  now  proceeding 
for  full  scale  tests . 
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Figure  V-1.  Initial  Distribution  at  Target  Plane,  IVo  Targets  Located  at  0.^4-  and  0.6  M 

vith  Rel’lectivities  of  0.25  snd  1.0,  Pespectively 
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Jigure  Y-3-  Improvement  in  Power  Delivered  to  Target  as  a Function 
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